A new chelating resin, 2-hydroxybenzaldehyde thiosemicarbazone loaded XAD-4, was synthesized and characterized by FT-IR and elemental analyses. The synthesized resin was used for solid phase extraction (SPE) and preconcentration of Cu , and Pb 2+ from aqueous solution, where the metal ions were subsequently determined by graphite furnace atomic absorption spectrometry (GF-AAS). The optimum pH for preconcentration and separation of these metal ions was found to be 6.00. Optimum flow rate for quantitative sorption of the metal ions on functionalized resin was found to be 1 mL/min whereas 2 M nitric acid was selected as the eluent for quantitative release of the three metal ions from the resin column. The maximum adsorption capacity of the functionalized resin was found to be 3. 
, and Pb 2+ from aqueous solution, where the metal ions were subsequently determined by graphite furnace atomic absorption spectrometry (GF-AAS). The optimum pH for preconcentration and separation of these metal ions was found to be 6.00. Optimum flow rate for quantitative sorption of the metal ions on functionalized resin was found to be 1 mL/min whereas 2 M nitric acid was selected as the eluent for quantitative release of the three metal ions from the resin column. The maximum adsorption capacity of the functionalized resin was found to be 3.5, 6.1, and 11.26 mg/g for Cu 2+ , Cd
2+
, and Pb 2+ , respectively. The detection limits for these metal ions are 0.87, 0.95, and 1.09 µg/L, respectively and limits of quantification are 1.12, 1.29, and 1.16 µg/L, respectively. The sorption half time (t 1/2 ) was found to be 6 min for Cu 2+ and Cd 2+ and 8 min for Pb 2+ . Tolerance limits for various foreign electrolytes have also been investigated. A high preconcentration factor (~100) and low relative standard deviation ≤ 5% (n=3) values were obtained. Under optimum conditions, recovery of all metal ions was found to be nearly quantitative. The validation of the procedure was carried out by analysis of certified reference materials. The functionalized resin is highly stable and can be reused more than 100 times. The newly developed method was applied to the separation, preconcentration and determination of Cu
Introduction
Trace elements are widespread in the environment and enter the food chain.
Some trace elements are essential and play pivotal roles in human metabolism and plant growth. On the contrary, at higher concentrations all of the metals are regarded as potentially toxic. [1] Therefore, accurate determination of trace elements in the environment is very important. In order to detect those metal ions at low concentration, it is necessary to develop methods for preconcentration and separation. In recent years, solid phase extraction (SPE) has widely been used due to its various advantages in preconcentration over other methods such as less organic waste, time and cost factors etc. [2] The solid phase extraction involves the use of chelating sorbents for pre-concentrating trace metals and trace metals-ions. Such chelating sorbent can easily be prepared by introducing certain active functional groups of atoms into a solid support frame-work which is capable of selectively interacting with metals and metal ions. [3] Trace amounts of heavy metal ions in environmental samples including natural waters, biological samples and fertilizers are frequently determined employing various instrumental techniques like ICP-MS, ICP-AES, spectrophotometry, voltammetry, polarography, X-ray fluorescence spectrometry, and neutron activation analysis. After the preconcentration process, without the need for costly instruments such as ICP-MS, analyses can be performed by using economical instruments such as FAAS. [4] The most popular techniques for separation and preconcentration include solid-phase extraction (SPE), [5] [6] [7] liquid-liquid extraction, [8] [9] co-precipitation, [10] [11] ion exchange, [3] electrochemical deposition, [12] [13] cloud point extraction, [14] and flotation. [15] Solid phase extraction of heavy metal ions in aqueous solutions is considered to be superior to liquid-liquid extraction [2] because of the multi-element separation possibility in the former. In solid phase extraction, various sorbents including activated carbon [16] , silica gel, [17] [18] microcrystalline naphthalene, [19] C-18 cartridges, [20] Chelex-100, [21] Alumina [22] and polyurethane foam [23] have been used for separation and preconcentration of heavy metal ions from various media such as saline and mineral waters, urine and geological samples. Among several solid chelating support frame-works used, Amberlite XAD (XAD-2, XAD-4, XAD-7, XAD-16, XAD-1180 and XAD-2000) copolymeric resins which can more easily be functionalized as well as loaded with a variety of organic ligands having various active functional groups that can selectively chelate metal ions . This method often involves the transformation into diazonium form and the bonding of the resins to the ligands by the resultant -N=N-bonds. [41, [45] [46] [47] [48] [49] Such modified resins were found to be highly useful and advantageous in terms of their versatility to chemical modification, wide range of pH working ability, and greater chemical and mechanical stability. The literature describes many chelating ionexchangers that were synthesized from XAD-2, [24, 50, 51] XAD-4, [44, 49, [52] [53] [54] XAD-7, [39, 55] XAD-16, [40, [56] [57] [58] [59] and XAD-1180 [41, 60] (Rotkreuz, Switzerland). A mechanical shaker having speed control facility was used for batch equilibration of the aqueous metal ion solutions with the studied resins.
Chemicals and reagents
All chemicals and reagents used in this study were of at least analytical reagent grade purity. All solutions were prepared in ultrapure water. Stock solutions of the studied metals (Cu 
Synthesis of 2-hydroxybenzaldehyde-thiosemicarbazone (2-HBTSC)
2-Hydroxybenzaldehyde, thiosemicarbazide, and acetic acid as a solvent (30 mL acetic acid for 0.1 mol 2-hydroxybenzaldehyde) were mixed in a round bottom flask and refluxed for 4 h and after cooling, it was poured into ice water. The light yellow crystals obtained were washed repeatedly with deionized water and purified by recrystallization in ethanol.
Functionalization of Amberlite XAD-4 with 2-HBTSC
The XAD-4 resin functionalized with 2-hydroxybenzaldehyde-thiosemicarbazone sorbent (resin) was prepared by nitrating 5 g of Amberlite XAD-4 copolymer with a mixture of 10 mL of concentrated HNO 3 and 25 mL of concentrated H 2 SO 4 with constant stirring in a 60 ˚C oil bath for 30 min. The reaction mixture was poured into ice-water. The nitrated resin was filtered off and then washed with water until the effluents were neutral. The resin was refluxed at 90 ˚C for 10 h with a mixture of 40 g of SnCl 2 , 45 mL of concentrated HCl and 50 mL of ethanol. The product was filtered off, washed with water, and then washed with 2 M NaOH to release the amino polymer:
The amino polymer was treated with 2 M HCl, the excess HCl was removed by washing with water, and then it was suspended in 350 mL of ice-water. The reaction mixture was treated with 1 mL portions of 1 M HCl + 1 M NaNO 2 until a durable blue colour formed on starch iodide paper. The polymer was thus converted to diazonium salt, washed with cold water, and treated with a solution containing 5 g of 2-
hydroxybenzaldehyde-thiosemicarbazone in 100 mL of 10 % NaOH solution at 0-3 ˚C.
The resulting dark-brown resin was filtered, washed with water and air dried.
Schematic representation of the sequence of functionalization of Amberlite XAD-4 is shown in figure 1 . Accurately weighed (5.00g) tea leave powder was taken in a 250mL Pyrex beaker.
Then, 25 mL concentrated HNO 3 acid and 10 mL HClO 4 were added and heated slowly on a sand bath until the whole mass was dissolved. The temperature of the mixture was raised until the perchloric acid boiled off. The heating was continued till the mixture became almost dry and then cooled to room temperature. Eventually, the cooled contents were dissolved in 10 mL of 0.1M HNO 3 , filtered and diluted to 100 mL by ultrapure water. A sample blank was prepared for each set of digestions for GFAAS measurements.
Results and discussion

The effect of pH on recovery of the metal ions
The efficiency of recovery of each metal was investigated in the pH range of 3 - : 100%), the optimum pH was found to be around pH 6 for the studied metal ions and the recoveries may be attributed to the stability of functionalized resin -metal complex. In the case of functionalized XAD resins, the formation of the complex with soft metals like Pb 2+ , Cd
2+
, Cu 2+ etc seems to be independent of protonation or deprotonation in the ligand molecule, rather the size of the cavity offered by the functionalized resin defines the stability of the complex. In such a case, the optimum stability is attained in the pH range 5.0-8.0 [5, 33, 41, 44] . The percent recoveries of the metal ions with changing pH found in the present study is shown in figure 3 . chelates. [2, 33, 44] In this study, elution parameters were optimized by employing 1.0-5.0 M; 2.0 M HNO 3 was found to be the most suitable for simultaneous elution of the three metal ions.
The effect of the eluent volume was studied in the range 5-25 mL and 10.0 mL of 2 M HNO 3 (table 1) was selected as the optimum eluent composition for the studied SPE system. 
Limit of detection and limit of quantification
The detection limits (blank + 3σ, where σ is standard deviation of blank estimation) for Cu , respectively. These values are comparable to values reported in recent literature and might be suitable for determination of these metal ions in water and other environmental samples. [33, 34, 41] Maximum metal sorption capacity
The maximum metal ion sorption capacity for individual analytes was studied using 0.5 g of resin beads, equilibrated with excess amount of metal ion solution (10 mL 10 mgL , and Pb
2+
, respectively.
Effect of sample volume
In order to achieve a high preconcentration factor, the effect of sample volume on the concentration efficiency was also studied. , and Pb 2+ (N=3, V=50mL, RSD < 5%) , and Pb 2+ ions in seawater and similar matrices [42] . 
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Application of the method to tea leaves.
The method, after being optimized was applied to tea leave samples collected from three tea gardens of Moulvibazar district of Bangladesh. The tea leaves were digested according to the procedure given in the experimental section. A portion (10 mL) of the sample digest was diluted to 100 mL after pH and other adjustments and was passed through the SPE column. The target metals were eluted with 25.0 mL 1 M HNO 3 and measured by GF-AAS as the results shown in table 4. ) and the desorbed metal ion contents estimated as described in the recommended procedures. The sorption / desorption was repeated on the same resin beads and the sorption capacity was estimated after each cycle of operation. The capacity of the resin was also found to be virtually constant (within 2 ~ 3 %) after its repeated use for more than 100 times.
The validation of the method
In order to demonstrate the validity and accuracy of the proposed enrichment and determination method, the analytes were determined in standard reference material of NIST 1646a (estuarine sediment). All the results were in the range of 96% confidence level. The results are summarized in table 5. As is seen from the table, the accuracy of the method was very satisfactory; the relative error was lower than 5 %. In addition to good analytical recovery of the three metals studied, the XAD-4/2-HBTSC SPE material showed satisfactory adsorption capacity and preconcentration factors compared to some recently developed ligands functionalized with XAD-4 and XAD-16 resins [40, 44, 62] . The loading half-time and limit of detection values are also convenient for practical analysis of environmental samples.
Conclusions
A new method has been developed for the preconcentration and separation of copper, cadmium and lead in aqueous media using Amberlite XAD-4 resin functionalized with 2-hydroxybenzaldehyde thiosemicarbazone. The developed method was applied for the preconcentration, separation and determination of copper, lead and cadmium in tea leaves. The study shows that the functionalized resin has good loading capacity and low detection limit. It is very stable towards acids and bases. The reusability of functionalized resins is more than 100 times without affecting its sorption capacity.
